Abstract-Smart grid, which is extensively new topic, is the next generation of power grid. Future modern grid will manage all parts of electrical power grid from generation to transmission and distribution by using intelligent methods. Smart grid progress in some developing countries is same to developed ones. In other parts of developing world, research works and pilot projects are newly started. Therefore, in the present work, a study of applied efforts in developing countries by regarding infrastructure of smart grid works was proposed. The analyses show that some countries like China, India and Brazil are pioneer on smart grid in developing world. As a conclusion, a progress pattern based on smart grid development in these three countries is proposed.
INTRODUCTION
Generally, Smart Grid is a type of modern power grid that supports all parts of national grid [1] . Smart grid is the next generation of power grid [2, 3] to resolve many issues of current power grid systems. Some of these obstacles such as voltage sags, blackouts, overloads and old grids are part of economical issue and other factors especially carbon emissions which contribute to environmental problem. Thus, considering both economical and environmental interests, application of smart grid in the near future is necessary [4] [5] [6] [7] [8] [9] [10] . On the other hand, for development of available power grid, smart grid technologies are appeared as a solution in many places in the world [5, 11] especially in developed countries [12, 13] . Besides that, although smart grid is necessary for future of developing countries [14] , but there are many challenging aspects for this technology to expand such as its broad nature and multi disciplinary aspects that can make it becomes complicated to be supported and implemented by governments in such countries [15] .
Taking into account information from the ISI web of knowledge, Fig. 1 shows the published items about smart grid in a period of 20 years. As shown in Fig. 1 , the items about this topic have been published from 2001. Thus, it is observed that smart grid is extensively new topic. Moreover, before 2008 there were less than 50 papers per year and after 2008 this research area has became a hot topic. Obviously, in 2011 there is a rapid increase in number of publication. Thus, the promising future of smart grid will be guaranteed.
This work presents a review of all research papers about the smart grid in recent years and a review on government's plan for application of smart grid in developing countries. The results should be able to help researchers and decision makers for utilization of future modern grids in such countries.
II. SMART GRID IN DEVELOPING COUNTRIES
Smart grid is a tool to increase the efficiency of power transmission system in an environmentally friendly way [16] . This goal is achieved by improving the efficiency of energy generation, conversion, transmission and consumption. Moreover, security, economy and stability of energy supply is depended to the smart grid [17] .
Available structure of electric power systems will be improved in next years with integration of renewable power sources as shown in Fig. 2 [18] . There are many items that will effect on future networks [19] . One of these factors is upgrading infrastructure such as using smart meters with a proper investment [14] . Fig. 2 . Smart grid power system architecture [20] .
In developed nations, there has been the most focus on application and research about smart grid. On the other side, in some developing countries such as India, Brazil and China there is proper effort on improvement of national grid to make their grid smarter. Their policy is shaped base on some similar and some different reasons compared to the developed countries.
Although, the application of smart grid has not been defined in most of developing countries, but some of them such as China, India and Brazil have had significant efforts in this field. Hence, there are different strategies in such countries for future of grid, and in this paper, the strategies will be considered in different classifications as explained further [21] .
A. Smart Grid in China
China has one of the fast growing economics in developing countries. Since 2006 smart grid technology was introduced into China and relevant research works have been started. In [22] a plan for Solution Architecture for energy (SAFT) was presented to connect the equipments with sensors, to make an integrating unit and do data collection and to analyze data. The purpose has been optimizing the operating process and management by data analysis [23] . Whereas the energy requests in China will be increased to double in next 10 years, the main power distribution company will make smart grid by 2010. Hence, China will be one of top smart grid market in the world in next years [21] .
There are many articles about smart grid in China in recent few years. Some of them evaluate smart grid by energy aspects. Siming Li [23] discussed on smart grid development in China. The Li's paper stated current development and challenges of electric grid. De-Qiang Sun in his work [17] , discussed about the application and development strategies of smart grid and new energies in China. He concluded that the integrated usage of smart grid and renewable energies is the main solution for future low carbon economy in China. As a complementary, DU Xin-Wei in [24] reviewed the smart grid and it's development aspects in China and analyzed the major challenges that China is facing.
The others discuss the construction and infrastructure of future grid in China. Authors in [24] gave out a series of suggestions on how to construct the Chinese-style smart gird. In [26] , authors presented developments in power generation and transmission infrastructures in China. Wu Yun-na [27] analyzed construction of China's smart grid information system. In [28] , authors presented the development of Investment Evaluation System with the help of Unified Information Platform that can realize the integration of information and data, and it will be beneficial to future smart grid of China. Qiang Sun [29] reviewed Smart Grid Comprehensive Assessment Systems in China.
The smart grid plan of China has started in 2009 after US unified smart grid and Europe super smart grid plan [25] . As a result in this part, China has been leader in smart grid among developing economics.
B. Smart Grid in India
Although in India there is not government funds in smart grid like China, however Indians are working on some pilot projects by Bangalore Electricity Supply Company (BESCOM) [21] . The overall plan for Indian smart grid is shown in Fig. 3 [26] . Arup Sinha et al. [27] evaluated the smart grid initiatives in India. One of the elements in this paper is to elaborate the methodology of implementing the smart grid project in Indian power scenario. P. Acharje in [28] completed the Arup's work by discussing some problems against implementation of smart grid in India. On the other side, Ganesh N. Jadhav [29] considered some essential technical challenges for development of smart grid in India.
To summarize this part, Indian power sector needs proper monitoring and improvement. Integrated energy planning, investment and awareness about smart grid for all Indians are necessary [30] .
C. Smart Grid in Brazil
Brazil is a fast growing country with proper investment in city infrastructure will be the one of hot smart grid market [31] .
Thus, base on Brazil SMART GRID market forecast from 2012 to 2022 [32] , Brazil will become one of the largest smart grid markets in the world by the end of the decade as shown in Fig. 4 . Some researchers work related to implementation and challenges of smart grid in Brazil. Nelson Kagan et al. [33] presented a roadmap for the implementation of smart grids in Brazil. In another one, authors [39] address regulatory challenges for the development of smart grids in Brazil, with focus on the deployment of smart metering technology and the implementation of demand response programs.
For progress monitoring of smart grid in Brazil, using a developed country as an index will be helpful. Siddharth Suryanarayanan in [40] performed comparative study between the trends in electricity infrastructure growth in the United States and Brazil, and then attempts to identify commonalities and differences on grid modernization efforts in these two countries using the Smart Grid Initiative as a template.
Brazil is the leading market for smart grid in Latin America, and technological companies across the board are using Brazil as an entrance into the rest of the continent [31] .
D. Smart Grid in Other developing Countries
Application of smart grid in other developing countries can be seen in recent years with different approaches [34] . Some of them have had a few research works and others have started academic researches with government support and plan. This paper describes four countries as a sample: Malaysia, Thailand, Egypt, and Iran.
In Malaysia, as an academic work, H.Mohamad [35] discussed an effective approach to control a planned islanding operation in a smart grid distribution system. Moreover, future smart grid in this country is in convincing situation based on two major initiatives as below:
• CIRED (Congress International des Reseaux Electtriques de Distribution) Malaysia chapter has organized a workshop on smart grid initiatives in the Asia Pacific Region in February 2010 [36] .
• TNB (electric power utility in Malaysia) has formed a working committee to look into its implementation [36] . Through TNB planning for Smart Grid systems report [37] , there are many drivers such as ageing infrastructure, energy, financial and environmental crisis for developing TNB's smart grid. Therefore, TNB has the 25-years Electricity Technology Roadmap (TRM), with a purpose of modernizing electricity supply industry in Malaysia.
In Thailand, there was a study case done in Araree Jirapornanan's work. He [38] deployed technology road mapping approach to identify the research and development needed to support the smart grid in Thailand. He focused on infrastructures and concluded that although Thailand is lacking some technologies required for the smart grid, the smart grid is being considered as a future development by the government and the private sector. Moreover Iran and Egypt are in the group of other developing world, which the study of smart grid is still at academic level.
For Iran, A. Ashraf-Hesari [39] provided a consensus view on the current status of smart grid technologies and benefits of applying it in Iran. From another aspect, authors in [40] present implementations of smart transmission grid in Iran for case study of Khorasan state. As a supplementary, Majid Biabani et al. [41] discussed about driving factors, evolution, challenges and possible solutions of smart grid in Iran. They proved that collaboration among utilities, governments, industries and academia would be essential in the design and implementation of Smart Grid in Iran.
Egypt, as one of the developing countries, was evaluated as the study case in Walid El-Khattam's paper [34] . Walid aimed to proposes steps to implement smart grid concepts in promoting and integrating renewable energies into electricity grids in general and for the Egyptian grid in particular as an example of developing countries.
III. CONCLUSION
This work is an article to classify and arrange previous research works and to provide a guide for future research in this area, but there are a few original data and findings in the related context. Therefore, the results could be summarized as follow:
• Smart grid, as a modern solution for future of power grids, is one of the hottest topics in recent two years and will be hotter in future.
• Some developing countries like China, India and Brazil are forefront to make their power grids smarter in this group. China has had a huge investment and research plan and is a pioneer. India has not the same improvement or in the smart grid as China, but focuses on pilot projects and working on academic researches. By depending on market forecast for Brazil's smart grid, Brazil in year 2022 will become one of the largest smart grid markets in the world and especially in Latin America.
• Other developing countries are classified in two groups. First, countries such as Iran and Egypt that have had a few research works. In second group, Malaysia and Thailand that have started academic researches which in parallel with government support and plan.
